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Aioxyl, sodium-p-ainino phenyl-arsenate was introduced in the 

treatment of Trypanosomiasis by Thomas and BreinU (1905), and its 

specific therapeutic value for sleeping sickness has been more or ess 

recognised. It contains from 25-95 to 2078 per cent, of arsenic; the 

difference depends on the water of crystallisation, as shown by ^ oore, 

Nierenstein and Todd ^ Ehrlich and Bertheim,^ and others. 

Arsenic in the form of Atoxyl is much better tolerated by t e 

animal organism than in the form of sodium arsenate ; the therapeutic 

value of the Atoxyl. therefore, was attributed to the fact that much 

more arsenic could be administered in this new form. It was suppose 

to act simply as an internal antiseptic, and was thought to ki 

parasites in direct proportion to the amount of arsenic introduce . 

Some experiments made in June, 1907. by Breinl and Nierenstein 

seemed to disprove this idea. In an attempt to produce an active 

immunity against Ngana, mixtures of Atoxyl and trypanosomes 

mjected in different proportions, and after different periods of contact 

with the idea that by increasing the amount of trypanosome-intectea 

blood and decreasing the amount of Atoxyl, and by lessening t 

of contact, a point might be reached at which virulent trypanosomes 

could be injected with impunity. 
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The results obtained, however, were not what were expected; 

dogs, rabbits and donkeys were used for the experiments, bnt 

invanably after the first injection, even after exposure of the mixture 

for forty-five minutes to a temperature of 3;“ C, the animals became 

infected after a normal incubation period. This fact seemed to 

suggest tiiat the action of Aloxyl was not simply disinfectant, but was 

the result of a co-operation between the living tissues and the drug. 

L hlenhuth, fliibner and WGithe"* in their experimental study of 

the action of Atoxyl on T. cquiperdum came to a similar conclusion 

They state (p. 2g0) : — 

' Unsere Meinuiig geht jedenfalls daliin, dass der Chemismusder 

Atoxylwirkung kein so einfacher ist, wie ihn die Theorie der 

Arsenspaltung supponiert, das vielmehr beim Zustandekomraen des 

wunderbaren therapeutischen liffektes die Kbrperzelle eine ganr 

hervorragende Rolle spielt.’ 

This observation of ours, confirmed by Uhlenhuth, Hiibner and 

Woithe, was the starting point for the following study of the 

therapeutical action of Atoxyl. 

The experiments were divided into two groups, the action of 

Atoxyl and similar compounds on serum proteids being studied 

in vitro and in vivo, respectively. Only the results of the first series 

are here recorded. 

Technique.—20c.c. af normal serum and 20c.c. of a 2 per cent 

solution of the compound were shaken up for twenty-four hours, and 

the proteids afterwards were precipitated with 35 c.c. of a 2 per cent 

solution of tannic acid. 1 he precipitate was then carefully washed 

for about forty-eight hours and arsenic estimations of the filtrate were 

made from time to time until no trace of arsenic could be found in the 

iltrate. The precipitate was treated with 10-15 c.c. concentrated 

sulphuric acid, and digested in a Kjeldahl flask in the usual way. 

The arsenic estimations were made by SangerV method. Instead 

lydrochloric acid, gold chloride was used as a developer, and proved 

much more sensitive. 

In those cases in which arsenic was found in the precipitate after 

on, some of the original product was dialysed against w^ater in 

parciment sausage-skin, and the dialysate was evaporated to 

clryness and tested for arsenic. 
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I. Atoxyl and Serum 

Atoxyl = 1 

NH, 

Serum Used. 

Arsenic Estimation 

IN Precipitate. 

Horse serum arsenic present 

Horse serum arsenic present 

Horse serum arsenic present 

Goat serum arsenic present 

Goat serum arsenic present 

Donkey serum arsenic present 

Donkey serum arsenic present 

Donkey serum arsenic present 

Donkey serum arsenic present 

Donkey serum arsenic present 

Donkey serum arsenic present 

Arskmc Estima iion 

IN DIAI.YSATK. 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

2. Sodium Arsenate and Serum 

Arsenic Estimation 

IN Precipitate. Serum Useii. 

Horse serum 

Horse serum 

Horse serum 

Goat serum 

Goat serum 

Goat serum 

Goat serum 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic present 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

Arsenic Estimation 

IN DiAEYSATE. 

arsenic present 



3- Acetylated Atoxyl and Serum. 

Mono-acetylated atoxyl = | j 

Serum Used. 

CH, 
'H 

Arse.vic Estimation Arsenic Estimation 

IN Precipitate. IX Dialysate. 

Donkey serum arsenic present arsenic absent 

Donkey serum arsenic present arsenic absent 

Donkey serum arsenic present arsenic absent 

Donkey serum arsenic present arsenic absent (?) 

Donkey serum arsenic present arsenic absent 

4. Benzoylaied Atoxyl and Serum 

ONa 

Mono-benzoylated atoxyl = | 

^<OH 

Serum Used. 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

k/C0.c,h 

'H 

AR.'iF.MC Es'I IM.4T10N 

IN Precipitate. 

arsenic present 

arsenic present 

arsenic present 

arsenic present 

arsenic present 

ARSE.MC Estimation 

IN DIAI.VSATE. 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

5. Benzoyl-acetyl-atoxyl and Serum 

Benzoyl-acetyl-atoxyl = 

ONa 

I I 
\/ 

m/CO.CHj 
\CO.C,H, 

Serum Used. 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

Arsenic Estimation 

IN Precipitate. 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 
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6. SODIUM-p-HYDROXYL-PHENYL-ARSENATE* AND SERUM 

>Na 

Sodium-p-hydroxyl*phenyl- 
arsenate = 

OH 

Skrcu Used. 
Aksenic Estimation 

IN Precipitate. 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

Donkey serum 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

arsenic absent 

It is evident from the foregoing experiments that a combination 

takes place respectively between proteins and Atoxyl, mono 

acetylated Atoxyl, and mono-benzoylated Atoxyl; whilst no 

combination occurs respectively between these proteins and sodium 

arsenate, acetyl-benzoyl Atoxyl. and sodium-p-hydroxy-plienyl- 

arsenate. 
It might be mentioned that there is a considerable difference in 

the results obtained by the treatment of Trypanosomiasis by means 

of the above-mentioned compounds. Whereas Atoxyl and mono 

acetylated Atoxyl act promptly on the parasites, the effect of sodium 

arsenate is less pronounced, that of sodium-p-hydroxy-phenyl-arsenate 

is nil. 

The analogy between the way in which these compounds beha 

with proteins, and their action on trypanosomes, is very suggestive. 

We are, hence, led to believe that this combination with the proteins 

is of importance in trypanocidal drugs, and have now to consider 

Atoxyl and its derivatives become attached to the proteins. 

Ehrlich** has compared the action of a drug to that of a dye. 

know that it is necessary for a dye to possess a chromophoric group-- 

a chemical radical which causes it to be coloured—and a chromogemc 

* Our ihanks arc due to Messrs. Burroughs, Wellcome & Co., who kindly supp! 

lois drug. 
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group, which renders it a dye. This is easily illustrated by the 

following example: — 

Azo-benzene (CgH3N = NCgH5), which contains the chromophor 

N — N, is coloured, but does not possess dyeing properties. It wily 

becomes a dye when tlie chromogenic group OH or NH, enters. 

Similarly, for example, oxyazo-benzene (OH.C,H^X = NC5H3) and 

amino-azobenzene (Il3N.Cgfl4N = NC^H5) are dyes. Their dyeing 

value increases with the number of chromogenic groups introduced. 

I'or this reason tri-amino-benzene (NH3.CgH5N = N.CgH3(NH2)2) is 

a much better dye than amino-azo-benzene. 

When wc apply the same theory to the therapeutics of Atoxyl,vre 

/ /OXa\ 

find that sodium-phenyl-arsenate ^CellsAsO^ J (which has 

been proved by Plimmer and Thomson'^, and also in this labora- 

toi'3', not to possess any curative effect), and also sodium-p-hydroxy- 

/ONa' 

)< phenyJ-arsenate ( OH.CeH^AsO 

\OH 

do not combine with the 

proteins, whilst atoxyl 

proteins and acts 

CH3CONH.C6HoAsO<^ 
\( 

/ONa\ _ . 
NH.C6H4AsO< 1 combines with the 

\0H / 

on trypanosomes; mono-acetylatcd atoxy! 

/ONa\ 
) com bines and is curative, while fully 

OH y 
/ CHgCOV 

>N.C6H5AsO< 

/ \0H 
acetylated and benzoylated atoxyl ( 

, . . VCsHsCO 
does neither. 

Hence, we suggest that in Atoxyl the amido group (NHa-gro^p) 

and in mono-acetylated Atoxyl the imido group (NH-group) play 

same role as the chromogenic group in a dye. It has already been 

pointed out tliat the action of Atoxyl has generally been explained as 

being due to the arsenic, and the advantage of its use is that nior 

arsenic could be introduced in the organism in form of Atoxyl than 

in form of sodium arsenate; it might be argued from this poin^ ° 

view that the action of Atoxyl is as follows; — 

The Atoxyl attaches itself to the proteins; the benzene nucleuses 

owly oxydised by the tissues and the arsenic is set free; so 
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when combined with the tissues, Atoxyl acts as a storage for effective 

arsenic 

This, however, is apparently not the case. It is well known that 

Tnpanred, Afridol blue and Afridol violet, also Parafuchsin, have an 

effect on trypanosomes comparable to that of Atoxyl. These 

compounds do not contain arsenic, but a large number of amido 

groups. Further. LaveranA also Thomas and Breinl, have found that 

sodium arsenate in combination with trypanred acts much better than 

sodium arsenate alone. 

We have, therefore, reason to believe that the amido group in 

Atoxyl, and in the above-mentioned colouring matters, has a specific 

action on trypanosomes, and that in Atoxyl the effective part is not 

only the arsenic, but also the amido group. 

How this group acts on the parasites is engaging our attention at 

present, and will form the subject of a subsequent communication. 
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